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Background 

Ischemic heart disease is a major cause of mortality in the 
western world. Reduced myocardial perfusion reserve 
(MPR) is an independent predictor of cardiac mortality in 
patients with known or suspected coronary artery disease 
(CAD). An emerging concept is that impaired MPR can 
occur in the absence of obstructive CAD, especially in 
patient populations of women, diabetics and patients with 
the metabolic syndrome, where it is also predictive of 
adverse events. Mouse models can elucidate molecular 
mechanisms that underlie cardiovascular disease. 
We hypothesized that mice fed a high-fat diet (HFD) 
recapitulate the clinical scenario of impaired MPR without 
obstructive CAD in diabetic patients. 

Methods 

C57B1/6 mice fed a HFD for 18 (n = 7) and 24 weeks 
(n = 6) and age-matched C57B1/6 mice fed a standard 
chow diet (Control, n = 6) were imaged at 7T. The 
HFD mice were selected from a larger group based on 
their glucose intolerance. Mice were anesthetized with 
1.25% isoflurane and maintained at 36 ± 0.5°C during 
MRI. The MR protocol included multi-slice cine ima- 
ging to assess ejection fraction, left-ventricular (LV) 
mass, LV wall thickness, and LV volumes, cine DENSE 
imaging to quantify myocardial strain, and first-pass 
imaging at rest and with the vasodilator Regadenoson 
(0.1 ug/g body weight) to quantify MPR. A compressed- 
sensing accelerated dual-contrast saturation-recovery 
sequence was used to acquire first-pass Gd-enhanced 
images, and Fermi function deconvolution quantified 
perfusion and MPR. Histology of the aorta detected the 



presence or absence of systemic atherosclerosis, and 
myocardial capillary density was quantified. 

Results 

HFD mice were obese relative to Control mice at 18 
weeks of diet (49.4 ± 1.8 g vs. 29.5 ± 1.0 g, p < 0.01) 
and their body weight further increased at 24 weeks 
(55.2 ± 1.3 g vs. 30.9 ± 0.4 g, p < 0.01). Figure 1 shows 
examples of (A) first-pass perfusion MRI, (B) cine MRI, 
and (C) DENSE MRI from a mouse heart. MPR in HFD 
mice was reduced (Figure 2A, p < 0.05 vs. age-matched 
control). LV mass was increased in HFD mice at 18 
weeks (p < 0.05 vs. Control) and it further increased at 
24 weeks (p < 0.05 vs. Control, HFD at 18 weeks) 
(Figure 2B). LV wall thickness (Figure 2C) was increased 
in HFD mice (p < 0.05 vs. age-matched Control). There 
were no significant differences in myocardial strain, 
volume, ejection fraction and capillary density measure- 
ments between the two groups. Histology showed no 
aortic atherosclerosis in HFD or Control mice. 

Conclusions 

Using cardiac MR, we showed that C57B1/6 mice fed a 
HFD for 18-24 weeks with glucose intolerance have 
reduced MPR, increased LV mass, increased wall thick- 
ness and no aortic plaque. The HFD mouse model 
recapitulates early cardiovascular abnormalities of dia- 
betic patients without obstructive CAD. Future studies 
using cardiac MR and gene-modified mice fed a HFD 
may shed light on key molecular mechanisms that 
underlie myocardial ischemia in the absence of 
obstructive CAD. 



'Biomedical Engineering, University of Virginia, Charlottesville, Virginia, USA 
Full list of author information is available at the end of the article 

© 2014 Naresh et a!.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.Org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http:// 
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated. 



(J BioMed Central 



Naresh et al. Journal of Cardiovascular Magnetic 
Resonance 2014, 16(Suppl 1):087 
http://www.jcmr-online.com/content/16/S1/087 



Page 2 of 3 




Control □ HFD 
*,# 




18 wks 



24 wks 



18wks 24 wks 



.o = 

o 

— 

"5 ° 

—* 4-1 

O i/) 
"Z (0 

CQ 

m ■ 

^ c 

TJ LU 



£ 
E 

w 0.8 

0) 
c 




18 wks 



24 wks 



Figure 2 (A): In control mice, MPR was 2.0 ± 0.1 and 2.2 ± 0.2 at 18 wks and 24 wks respectively and it reduced to 1.5 ± 0.1 and 1.4 

± 0.2 in the HFD mice (*p < 0.05 vs. age-matched control). (B): LV mass was increased in HFD mice at 18 wks (*p < 0.05 vs. control) and it 
further increased at 24 wks (*p < 0.05 vs. control, #p < 0.05 vs. HFD at 18 wks). (C): Mid-ventricular end-diastolic wall thickness was increased in 
HFD mice at 18 and 24 wks after start of diet (*p < 0.05 vs. age-matched control). 



Naresh et al. Journal of Cardiovascular Magnetic 
Resonance 2014, 16(Suppl 1):087 
http://www.jcmr-online.com/content/16/S1/087 



Page 3 of 3 



Funding 

This work was funded in part by AstraZeneca, NIH R01 
EB001763 and US-Israel Binational Science Foundation 
grant 2011328. 



Authors' details 

'Biomedical Engineering, University of Virginia, Charlottesville, Virginia, USA. 
2 Radiology, University of Virginia, Charlottesville, Virginia, USA. 
Cardiovascular Medicine, University of Virginia, Charlottesville, Virginia, USA. 

Published: 16 January 2014 



doi: 1 0.1 1 86/1 532-429X- 1 6-S 1 -087 

Cite this article as: Naresh er al:. Cardiac MR detects impaired 
myocardial perfusion reserve and left-ventricular hypertrophy in C57BI/ 
6 mice fed a high-fat diet. Journal of Cardiovascular Magnetic Resonance 
2014 16(Suppl 1):087. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f \ RioM _-| rpntr ,i 

www.biomedcentral.com/submit \ J Blomea central 



